A study of an elastic rotor supported by two defect bearings is presented. The bearing behavior must be considered non-linear because of the defect effects. The rotor is modelled by typical beam finite element including effects such as gyroscopic effect. The dynamic behavior is analysed using an unsteady time integration procedure. A modal technique is used to reduce the number of degrees of freedom. Results show that the bearing defects introduce supplementary critical speeds. The linear approach is unable to show the supplementary critical speeds which are obtained only by using non linear analysis.
INTRODUCTION
he objective of the study presented here is to show the influence of bearing defects on the dynamical behavior of an elastic shaft. This defect is a wave of the rotor surface due to a manufacturing problem. Figure presents this wave for two kinds of period (2'rr/3 et 2'rr/5).
The amplitude of the defect is about the radius/10000 (R*10 -4) (a 2 micrometer wave for a 20 mm radius shaft).
In hydrodynamic lubrication the film thicknesses can be very small and the rotor defects can induce important variation of the pressure field. The study of the defect bearings has been developed by several authors and the objectives of these studies were to evaluate the minimum film thickness. Fantino [1973] , Fantino and Fr4ne [1975] and Berthe et al. [1974] presented studies on the influence of the shape defects and surface roughness on the hydrodynamics of lubricated systems. They have especially shown that the Reynolds equation was not applicable when the defects become important. We have to use the viscous thin film equation developed by Berthe and Godet 1971 ] .
Another domain of defect bearing study is the defects due to the elastic deformation of contact surfaces. This has been developed in the field of connecting rod bearing of petrol and diesel engines (Labouff and Booker [1985] On Figure 3 -a three pressure peaks appear, the maximum pressure is smaller than for a perfect shaft. Figure 3 Non Linear Simulation Figure 4 . The data of the bearing are the following:
The length L 0.01 m the radius R 0.02 m the radial clearance C 0.04 10-3; the viscosity p 0.01
Pa.s, the static load is 300 N which is applied on the middle of the rotor (point 2), the velocity varies from 1000 rpm to 6000 rpm in 15 s.
Shaft Behavior
The first calculation concerns the non linear behavior of the shaft without any defects in the bearing. Two sorts of defects influence will be studied now,a bearing with 2 defects and one with 3 defects. The defect amplitude is about 10% of the radial clearance. Trajectories are very original, they are addition of an unbalance effect and of the effect of the bearing defects. FIGURE 8-C Amplitudes of the shaft for a two defects bearing and a high unbalance.
superposed (the synchronous speed 3000 Rpm excited by the unbalance and the 5400 rpm speed divided by 2 2700 Rpm). For the three defects bearing (Figure 8-d 
